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(54) FRICTION STIR WELDING METHOD 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a friction stir welding method 
in which hollow cylindrical members are welded with each other 
without impairing any roundness of the hollow cylindrical members in 
their circumferential welding. 

SOLUTION: In welding the two hollow cylindrical members 3 and 4, a 
first probe 12 of a first rotary tool 1 and second probe 22 of a second 
rotary tool 2 are used, the pressing position of the first probe to a 
circumferential surface of the member and the pressing position of the 
second probe to a circumferential surface of the member are set to be 
in a plane orthogonal to the axes of the hollow cylinders at an angle of 
about 90° therebetween. The members are welded with each other by 
moving the probes on the circumference of the members while being 
rotated. The pressure and the speed of rotation of the first and second 
probes are controlled to be same, respectively. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Contacting the probe of the tool which rotates to the joint of two bell shape joint material, softening the 
contact section with a probe with frictional heat, and agitating In the friction churning conjugation method which joins 
a joint by moving a probe relatively along with the circumferencial direction of a hollow cylinder in the state of contact 
It presses, the 1st probe of the 1st rotation tool, and the 2nd probe of the 2nd rotation tool - using it — the peripheral 
surface of the bell shape joint material of this 1st probe ~ with a location it is set as the include angle of 90 degrees of 
abbreviation on the flat surface to the peripheral surface of the bell shape joint material of this 2nd probe where it 
presses and the medial axis of a hollow cylinder and a location cross at right angles » having — this, rotating the 1st 
and the 2nd probe The friction churning conjugation method characterized by moving the periphery top of bell shape 
joint material, and joining two bell shape joint material. 

[Claim 2] Said the 1st and 2nd probe are a friction churning conjugation method according to claim 1 characterized by 
being pushed against bell shape joint material with the welding pressure of abbreviation identitas. 
[Claim 3] The friction churning conjugation method according to claim 1 or 2 characterized by the rotational speed of 
said the 1st and 2nd probe being abbreviation identitas. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the friction churning conjugation method used for the butt joint of 
hollow cylinder material, such as a round-head pipe, or heavy junction which consists of ingredients with plastic flow 
nature, such as a metal and resin. 
[0002] 

[Description of the Prior Art] It is one of the solid-state-welding methods, and the friction churning conjugation method 
which joins two joint material arranged in the matching condition or the superposition condition inserts the probe 
which is rotating in the matching section or the superposition section of joint material, making it soften with frictional 
heat and agitating the contact section with this probe, it carries out cooling solidification, moving a probe along with 
the matching section or the superposition section, and joins both. That is, after carrying out plastic flow with migration 
of a probe so that it may turn behind [ travelling direction ] a probe so that a softening chrj*ning part may win 
popularity in response to the advance pressure of a probe in the passage slot on the probe namely, frictional heat is lost 
quickly and cooling solidification is carried out. This phenomenon winds one by one with migration of a probe, and the 
junction unification of both the joint material is carried out in the matching section or the superposition section at the 
last target with sufficient ********** 

[0003] Since such a friction churning conjugation method is solid state welding, it does not receive a limit in the class 
of ingredient of joint material, or has an advantage, like there is little deformation by the heat distortion at the time of 
junction as compared with melting welding process, such as MIG, TIG, and laser welding. 
[0004] By the way, the friction churning welding process by the patent No. 2792233 official report is. known as a 
conventional technique. This approach presses one rotating probe pin against the joint of joint material, carries out 
plastic flow churning of the ingredient of that contact section with frictional heat, and is joined. When joining the 
object which has rigidity to the forcing welding pressure of the probe pin which is a tool, for example, the round bar of 
a solid, since the roundness is secured, this is effective. However, when circumferential weld of hollow cylinder 
material was performed, the rigidity of hollow cylinder material was lacking to the forcing welding pressure of a tool, it 
deformed in the shape of flat, and the problem that the roundness after junction fell had arisen. 
[0005] In order to solve this problem, the friction churning conjugation method shown in JP,1 1-333572,A is known. 
From the one remaining direction, a probe is pushed against this joint material and this approach carries out friction 
churning junction while restraining bell shape joint material from three directions using one receptacle roller and two 
guide idlers which have the peripheral surface which curved so that it might correspond to the peripheral face of bell 
shape joint material. That is, it is going to hold the configuration of bell shape joint material using a restricted fixture. 
However, by this well-known approach, since it was restrained with a restricted fixture during welding, the roundness 
of bell shape joint material was maintained, but immediately after junction, since temperature is high compared with 
other parts, after removing a restricted fixture near the probe contact, the problem that roundness fell somewhat by 
cooling contraction had produced it. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, in order to secure the roundness of bell shape joint material, at the 
time of junction, this invention persons used to think that what is necessary is just to be able to maintain at the 
symmetry the stress condition of the joint material which is a cylindrical shape to a cylinder shaft, and used to result at 
this invention. Namely, paying attention to the direction of the welding pressure of a probe, as for this invention 
persons, bell shape joint material is crushed by pressurization of only one direction in the pressurization direction. 
Since this joint material is extended in the direction which intersects perpendicularly with welding pressure, if the 
welding pressure of the same magnitude is applied to deforming into an ellipse form from the 2-way which intersects 
perpendicularly, a stress condition will become the symmetry to a cylinder shaft, and solution of the above-mentioned 
trouble will be measured using the ability of deformation not to take place easily. 



[0007] Therefore, the purpose of this invention is offering the friction churning conjugation method which can be 
joined without spoiling the roundness of a hollow cylinder, without needing a restricted fixture also in the 
circumferential weld of bell shape joint material. 
[0008] 

[Means for Solving the Problem] This invention provides each claim of a claim with the friction churning conjugation 
method of a publication as said The means for solving a technical problem. In a friction churning conjugation method 
according to claim 1 joining two bell shape joint material It presses, the 1st probe of the 1st rotation tool, and the 2nd 
probe of the 2nd rotation tool — using it — the peripheral surface of the bell shape joint material of this 1st probe — with 
a location It presses, the peripheral surface of the bell shape joint material of the 2nd probe - a location Both are joined 
by moving the periphery top of bell shape joint material, being set as the include angle of 90 degrees of abbreviation on 
the flat surface which intersects perpendicularly with the medial axis of a hollow cylinder, and rotating these [ 1st ] and 
the 2nd probe. Since welding pressure joins bell shape joint material with the 1st and the 2nd probe by this from the 2- 
way which intersects perpendicularly, a stress condition becomes almost symmetrical to a cylinder shaft, and 
deformation of bell shape joint material can be prevented. 

[0009] since the welding pressure of the magnitude with the friction churning conjugation method of claim 2 same 
from the 2-way which is what was forced on bell shape joint material, and intersects perpendicularly by this with 
welding pressure with same the 1st and 2nd probe is applied, the symmetric property of the stress condition over a 
cylinder shaft becomes fitness more, and the roundness of bell shape joint material is maintained. The friction churning 
conjugation method of claim 3 makes abbreviation identitas rotational speed of the 1st and the 2nd probe, the part of a 
bell shape member where the 1st probe touches, and the part of a bell shape member where the 2nd probe touches 
generate the same frictional heat by this, and the temperature of both parts becomes equal, therefore, the symmetric 
property of the stress condition over a cylinder shaft comes to be maintained. 

[0010] Hereafter, based on a drawing, the friction churning conjugation method of the gestalt of operation of this 
invention is explained. Drawing 1 is drawing explaining the friction churning conjugation method of the gestalt of 
operation of this invention. The 1st rotation tool 1 has the cylinder-like 1st body of revolution 11, and the 1st probe 12 
of the shape of a pin of the minor diameter projected by one on the edge axis of this 1st body of revolution 11, and 
rotates the 1st body of revolution 1 1 and 1st probe 12 in one. The 2nd rotation tool 2 is also having the same structure 
as the 1st rotation tool 1, and has the 2nd body of revolution 21 and 2nd probe 22, and both rotate it in one. These the 
1st and 2nd body of revolution 1 1 and 21 and 1st and 2nd probes 12 and 22 are formed with the heat-resisting material 
which can bear the frictional heat which is hard and is generated rather than the bell shape joint material 3 and 4 at the 
time of junction. 

[001 1] Two bell shape joint material 3 and 4 is the form where both end faces are compared, and is held by each 
maintenance and slewing gear 5 and 6. Maintenance and slewing gears 5 and 6 can have maintenance devices, such as a 
method chuck of three, and can rotate the shaft now with driving gears, such as an electric motor. These maintenance 
and slewing gears 5 and 6 are constituted so that it may naturally synchronize and may rotate. 
[0012] In the flat surface which the 1st rotation tool 1 and the 2nd rotation tool 2, i.e., the 1st probe 12 and 2nd probe 
22, are on the peripheral surface of the bell shape joint material 3 and 4, and intersects perpendicularly with the medial 
axis (cylinder shaft) of a hollow cylinder, at the include angle of 90 degrees of abbreviation, a direction is shifted and it 
is arranged. Moreover, the 1st and 2nd rotation tools 1 and 2 have the pressurizer which is not illustrated, respectively, 
and can change the welding pressure to the joint 30 of the bell shape joint material 3 and 4 by the 1 st and 2nd probes 12 
and 22. 

[0013] Friction churning junction of this invention constituted as mentioned above is performed as follows. In the joint 
30 of two joint material 3 and 4 which is a hollow cylinder form, hold the edge of the opposite side with each 
maintenance and slewing gear 5 and 6, the end faces of the joint material 3 and 4 are made to contact, and synchronous 
rotation of both the joint material 3 and 4 is carried out. Next, rotating the 1st probe 12 of the 1st rotation tool 1 and the 
2nd probe 22 of the 2nd rotation tool 2 which have been arranged in the direction in which 90 degree include angles of 
abbreviation differed After it presses against the joint 30 on the periphery of the joint material 3 and 4 of a hollow 
cylinder form at coincidence and the 1st and 2nd probes 12 and 22 carry out a periphery 1 round outside the joint 
material 3 and 4, the 1st and 2nd rotation tools 12 and 2 [ 1 and ] 22, i.e., the 1st and 2nd probes, are pulled up, and 
junction is ended. Junction is performed by the same behavior with the Prior art having described the behavior of this 
junction. 

[0014] In this case, by pressurization of the 1st probe 12 of the 1st rotation tool 1, although the joint material 3 and 4 
tends to be crushed in the pressurization direction and it is going to extend to a circumferencial direction It can join 
without the stress which is going to offset deformation by the pressurization of the 1st rotation tool 1 occurring, and a 
stress condition's becoming the symmetry to the cylinder shaft of the joint material 3 and 4, and spoiling the roundness 
of the original cylindrical shape by pressurization of the 2nd probe 22 of the 2nd rotation tool 2 which intersects 
perpendicularly with the 1st rotation tool 1. 



[0015] In addition, in order to offset the stress by the 1st probe 12 of the 1st rotation tool 1 and to change into a stress 
condition symmetrical with a cylinder shaft The temperature of the part of joint material where the 2nd probe 22 of the 
2nd rotation tool 2 touches, Welding pressure needs to be equivalent to the temperature of the part of joint material 
where the 1st probe 12 touches, and welding pressure. For that purpose By making equal welding pressure of the 1st 
probe 12 and the 2nd probe 22, and joining by making the same the rotational frequency of the 1st probe 12 and the 
2nd probe 22, it must generate heat and rotation stress must be generated. Moreover, since each 12 or about 22 probe 
temperature and a cooling process also become equivalent and the symmetric property of a stress condition is 
maintained by doing so, the problem that the roundness of a hollow cylinder form falls somewhat for cooling 
contraction is avoidable like the approach indicated by JP,1 1-333572,A. 

[0016] Drawing 2 is what showed the desirable joint geometry adopted as the friction churning conjugation method of 
this invention, in (a), (b) shows a lap join and (c) shows the inlaw splice for the butt joint. Moreover, as an ingredient of 
the joint material of this invention, a metal with plastic flow nature, for example, aluminum, copper, steel, its alloy, 
casting and die-casting material, resin with plastic flow nature, etc. are mentioned. 
[0017] 

[Effect of the Invention] Since the precision of the roundness of the joint material after welding is good in the friction 
churning conjugation method of this invention as explained above, it is suitable for the junction of joint material by 
which rotation use is carried out. Moreover, in this invention, since it stopped needing a restricted fixture over the 
perimeter of joint material, space-saving-izing and lightweight-izing of a facility can be attained. 
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